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(57)Abstract: 

PURPOSE: To obtain a semiconductor device in which both a DC 
current and an AC current are controlled by a low ON -voltage, 
whose breakdown strength is high and which is low-cost by a 
method wherein gates for inverse -parallel- connected insulated -gate 
semiconductor devices are biased by gate control circuits whose 
potential is independent. 

CONSTITUTION: A semiconductor switch is provided with two 
IGBTs 1, 2, a collector for the IGBT 1 and an emitter for the IGBT 2 
are connected in common to an output terminal 3, and an emitter for 
the IGBT 1 and a collector for the IGBT 2 are connected in common 
to an output terminal 4. Then, individual gate electrodes for the 
IGBTs 1, 2 are biased respectively by gate control circuits 5, 6. As a 
result, the IGBTs 1, 2 are driven respectively by the gate control 
circuits 5, 6. When a current flows in the direction of the output 
terminal 4 from the output terminal 3, the IGBT 1 makes the current 
flow. Inversely, when a current flows in the direction of the output 
terminal 3 from the output terminal 4, the IGBT 2 makes the current 
flow. As a result, an AC current can be controlled. 
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mm2(Di GBT9 2<Dmi^^rjm2(D^mmi'i. ^ 

-^^ >'^^/H G B T 9 1 CO ^ t p 
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\ 6^^xj^m2(D^-hm.mi 6 2t. m2<D^m{^m 
mi 3^xximi(D:r,i v^m^i 4 tm%mi:imm^ 
I (o^nmmm \ 7 2t. m3<D'^mmm3 3 2 
:}oxxj^m2<o^^^y'^mmi 4 2 fm^mcmm-r^m 
2<D±nmmm 1 8 2 . mi (o^mmmmi 7 2 tm 
\(D^-hmmi 6 (nw:^m%m:imm^tifzm. I (o>y 
-hmm\3\^5 1. m2(D±mmmmi s 2 tm2<o^ 
6 2<Dmizm%mz.t^m^tirzm2(Dy-h 

lo 0 2 I] ^^m<om 6 (D^^^'^^m 4, ms, me^z 

TT^LfcJ: 5tw# r G BT 1. 2fir-r y u^-ua vll:f& 

m^fzit^f'y :!^^<y i^^-iy' 3 >^m^m^^xmf&Ltz:i 

tXh^o 

[0 0 2 2] 

Um] ±m(r>1iu^mf^'r^Xixi^. #iGBT(7)y-h 

^"ttit'timtii^fzy- hmm\^m5, e-e^MTx-r 
So -r?:£^:»*>, g] 1 (DmrSLo-^^MVi^^^ -j^\zx,^\^. 

^—Vm^m^^, 6{Cj:o-C I GBT 1 , 2t^^iC\.^ 

^Yy^-f^^. ^^iir^^3t-^^x'h^^4o'y-)^5^n[^'m. 
xlltmf\.^tt\z\t I GBT I ^^mrjfc^ZTfcL. m^'&\t} 

4 t^h^)m^ 3 (o^^^^mM■h-w^.f\. ^h^\z\±\ 
G B T 2 'h'^nM^m.'t<ox^ ^mm^^^mn^^ ^ tt^ 

X^^.. ^hi^. mm^^]tLX7ikLfzm2 2i,Z7f<irMO 
S - F E TXmi)^LtzmXit. [ G B To:>m 3 ff^-cO>j- V 

'SH^>:/:c9 . mm.mmjcLx\.^^rzib'A->^'^Hin^ 

B T X \m& LXh^^fz^'A-^ MIT^ ^ Itt < fflJ X 5 r > //^ -e 

^ , m-^ y r rMn?(co^^Mo s f e t *o x t>*# i g b t 
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(7) 



^rM^7-3 0 7 4 6 9 

12 



[0 0 2 3] ^-^hmmmm^-^yt hy^:t-h^ 

^ ^ tin ^ 5 fctt -cm^^fi^i:: ^ tin > 5 . 

y^>'^^flH;5^-e#5, ^fzAt] (LED) fflijco 

[0 0 2 4] ^h'tZ, r GBTW(7)±/^5x^ y^^-^ 

^^.lEi: y^^'^t LtimjEtmmm^xmib^ 
ztt>x^^. 

[0 0 2 5] 

mmm] i^t, mwa^^m\^x:!^§^m(DMmm^mp^ 
[00 2 6] m\iit. ^mmcom i (nmi&m^^i^^^^^m 

^y^cDm^mxh^. ^(D^mi^y^^ y^i'X2m 
<7)IGBTl, 2i^ft1;t, rtl^ I GBT 1, 2 jO^tB;^ 

i^--F3, 4m\zm^^mm^tix\^^^o 'rfj:t>ib. lo 

BTl(iOnU'^^<!r [ G BT i2<7):3i^ ^y ^ tt^^l^ti^"^ 
3 tC^iffiJ^g^^tl5— f GBT lOOjn^ ^ ^ F G 

BT2€ozii^i7 ^ t fi'^\^fm^4\c4^mmm.^t\^x\.^ 
6o ^ur, [ GBT I.. 2^7)#y-^m^^;^)sy-^f^J 

'r|iiJ«9lHlSS 5 , 6 J: or I GBT 1 . 2 7)5^tl-?:'tt 

-fT/^n. (±i;^i5{S^3?!i>(bm;^^T-4(o:^f^-^®»fQ/4^^ 
I G BT I ;65Srj^^»i£L. ffi{^ai;'j^SS^ 4 
75>^tti;^5IS-7^3co:^r^--m;0s^n5<h^ gbt 

MOS -F ETTt^;i3(:L/z[il2 2(C,i^-rt^^*f^jT' 
fl. MOS-F ETg#;6U GBTCOj^3f^cO;4-va:JdE 

r (OMo s - F E T ^ 2 mmummm. ur 

-Ctl, iS^lfe^iit^^Lfc: r GBTXm\^\.X\^^^tzi^:=iri^ 
:fmM(O^MO S F ET:fcJ:t/^ I G B TX'Ii] 2 2<7:>Ih1 

[0 0 2 7] [i]2J^. :^5i!l|/lC0?g2(/:>2g^i(^'J;^t¥.5¥^ 

—(onn-r^H^tix\.^^. 7^wn(Dm2€o-mmm(o-\^m 

{^7.^ y^ilv ^^moyi% 1 co^AtB^Jc') I G B T I , 2 
cO>/~ hi'fiiJSfil[§ia^}5. 6 ^ hi/-f KT U-f 

*rf5(£/H LfcC?ijr^5. i^/jr^^-ib, I G B T I . 2 C0#y 



5 a , 6 a iZ^iUS b, 6 b TS^-^rtl^'n^^ie^-^^nT 

y^{:ij:ti{l. LED7coA;^^*^^8. onnii^Mrf^^m 
LX, LED7^^7t^-tt. Kr L/^ 5 

a, 6 si\d^s.xnmmc^±^mM'tini'£, y-A-h^^ 

:t—yriy^ 5 a, 6. a ;55^2LX«f^B#SC3tiSm;'3^l6 

10 ^-r^, :i<Dm.j±{^^^. I GBT I, 2(D^^—hm, 

^inx\^^^tinxm.%&^jia:i.mML^nx\^^^tii5b. 

tr-'Am^rix^^^(DX\ '^'&f^^^ y^:y^m'^t'^'^ 
. \^thj}ifii<m^x'^>^^^(omi^^tm. • mM^Wicn^ 
20 [0 0 2 8] [13 i^wm(nm\'^fz\±m2'mm,^\(n 

';/^c/)tr>i?fe^5^r'*>'5 I GBT I, 2<iO^^ 

Sl^iiF-rJ: 9l-*^fl^i7D^l ^7tJj:^2co^teN(/) I G 
BT^ ,y:7*Ji;f:^i}^^^g5 x l O 12 - 2 X l O >^ c m-^ 
COn- ^^l l^^ L. -t^T^n- 1 cOafif^ilolC 

fl^fifi4^«J^ 5 X I 0 >8 - 2 X 1 0 »9 c m-3 60 p ^ 
Ji (p^ ^r/-Kii) 1 2;ei^/fM$ti, ^fb(::^-y:7^ 

oTp* \mM\2tm^^k\.X\*^^. %fz.. n- stg 
30 1 1 ^(O^ -y-y'^^m\^\^^W^^\&'o X I 0 '5 2 X 
1 0*' cm-3 (OpM^~>^® I 3;55jf^^$tl> p ^--<— 

. X® 1 3(^<D^y:/^®<B!j{ci:i-^60^«Jfii!^*j[g5 x 1 

0'8 — 2 X 1 02» c m-3 COn^ ^ ^ y^if 1 4;55;i^/S:^ 

* ^i:}&Ji I 2. n- s« I 1 , pM-<-;^li i 3. >&i>* 

n* ^^ ty^J'® I 4«Ci:^^'y^^©JiiCS i O2 11^1 
5 755^tl-^*njFM$nx*>»9. |g#S i Oi BSC I 5P^lc 

6}±w^T i ^f7)iSiSfc,^>^Jir^, 

WS i2.TiSi2,MoSi2 ^(O LI i^-T KO^t> 
il 1 A\zmt.'^ yy'mW^knVxZ\t K 1 , T i / A 

50 6v>fiMo^co=3 u^^?etig 1 8 ;i;wfM^tiri>5. $ 
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I 7 A&t>'=i u-^ 1 8 A75^fi8*s^nTi>5. r(7) 

J: 9{C^¥fl^Jt$tl5^^Mlf^JcO I G BT^ty^Ji:, h 
;0>n^ m^i I {cMLXM^<-(r:^t^£^ . n- Stg l 10 

I <!: p ^ .^mm I 2 (omx^^^y^ ti— K;i5iS;^f^ts 

[00 2 9] |g| 4 ( a ) ~ ( e ) HI 3 (Cti^ U7t I G 

(a) (Cxi^-rj: 9t-^i6ffl;S^nitJ¥^ 1 5 0-4 5 0 
/u m. ^n.W^JM 5 X I 0 »2 — 2 X 1 0 c CO n - 
S^l 1 COgeffi&t/KffiitCJS^ 4 0 0-7 0 0 n mf7)S 

4 (b) (C^-rj:3fCn- lC0{[lf]®^f^(C7jfa>- 20 

(B) , Tyu^-'^^A (A I ) (G 

^^^^^m 1 X 1 o»7 - 5 X 1 o'8 c m-3 (7>p^ mwam 

I 2^JFMi-6. ^xv>r. 1114 (c) (c^i-J:9{-n- 
StRl lCOSiSfCrjg<, fc^h ^tl*2 Oju m- 5 0 m. 
^ii'4i^?&£e2 X 1 0f8 — 2 X 1 0»9 c m-3 CO?J<P V^CO 
^^i|^c7)teflJ[^tfl\ p^r /— 1 2^JfMLfc 

mcij^'^m-^^^^ t LTfflV^/lS i O2 11^1 5^Ii^ 
5feL, rrrcfv^— h?^^b8^^>'£-5 5 0- I 0 0 nm(DS 

\cmf& L. ^(50_b{CJ¥^ SSO — SOOn mOO."K !;->!; 

^iffi LT n - s>E I I (r>^mm<D^ii:i^m^ i x i o »5 

.~5 X 1 0^7 c m-3 , 1 0 — 3 0 mT*^n>'^(/:) 

fc, (ii4 (d) (d^-rj: hm®i 6 t>:cssf55> 

co/tey v-y =3:/jffi^f^Lr. /i:^ 3 5 0 — 5 0 0 n m(7:) 

rr/c/^ S i O2 1 5 ^ n - 1 I C0i^ffll±tc;f^;S L 

tz'ik. pm^—^mi 3i:(os i02 5(D«fi*a55)' 

i£{#{^2o(Di?i:||fcyg^ff$^fei-5o -^LT. r(D2o(Diji: 40 

flS:)S^iffiLT pM-<— >^Ji 1 3(7)'ti{::?^$ 0 . 5—5;/ 
m. ^M!t^?&/^5 X I. 0»8 - 1 X 1 021 c j„-3 

4 (e) Jr,T:i-J:^;i. n- \ \ <0^m }L\:Lmz\Z 

;f:^350 — 500nmSiO2 fl^'lSA^-C V Ofll^^ 
{wJcOffML. ^LT. S i O2 m \ ^ f\'\'\z.W\fz\zB 

,1 - :ji ^ .y ^ jgi 1 4 izmt-r^ n iSlfi 1 1 a>Mm^p so 



ir.^P^-T^7 -3 0 7 4 6 9 
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*SI5C0±JCI1[$ 0.. 5— 3 /2 ni(7)A 1 , T i /A 1 , A 
yy'Mmm<Op' ^L^m I 2{CA 1 , T i XA 1 , W. 

[00301 [15 (a) - (e) ft. *^q;i0O3^ I ^ fc 
}m2</)3|j!i£0iJ(Cffll/^'5. i\^(Dmm:(0 { GST ^y^O) 
Mii*-Sx^=**Xa[lir*?^o HIS (a) - (e) {C^ 

^-f, X 1 0>8 -3X 1 0>8 cm ^ 

1 5 0 — 3 0 0/2 m(7)p* SjE2 I ±^::^^^^J^ 

5 X 1 0»2 c m-3 - 2 X 1 0 '4 c m-3 , 5 0—15 

OAim(?:)n- ^ t"'i^=^v'-)r/Ujg 2 2 5 (a) iCTfkf 

J;9(cffM-r5o »:Sc^tOn- 3it'i$'=^;>-\'/w@2 20 

mm±{mmitm'^iZX^m^4 0 0 nm-7 OO nm 

COS i O2 m2 3>^r;xScflIL. HIS (b) (c^-fir^t-n 

Ltzm4 (c) tw\m(Djjm^m\^^x. 5 I 0 

0 nm<D^— hmitm^mf^L. -^COJbtClTjfy =i> 
a^3 0>^CVDf;fe^iCj:»5ii^i^L, US (c) {C,iti-J: 
9(Cn- :3it'^:^'>^/m2 2P^(>lp^^— Xjl2 5 ^ 
ffM-r^ch^tC. 115 (d) (C;^-rj: ^^^^<7)pM-<- 
:^li25l^tCn^ .y^Ji2 e^JFML. ^^iC, m 
$3 50—500 nm(7)S i O2 ® 2 3 A^n' ^t'^iJ' 

T, S i O2 S2 3 Aq^</)=r V^i^^ h7t>— /^^:;^LT^ 

^ ';/^siS2 s^jFML. i^ti^>yy'mmm<Dp* 

[0 0 3 1 ] ^fc. mMm^\^±^^^tzi5b{zi-±^ _biE 
1114 (a) - (e) . ioJlT^IlS (a) — (e) {Z^l. 

\GBT^^yzr^mmi.xhx\^\ -r/j:*5t,, me 

(a) - (e) '4^mm(Dmi'^tznm2(ommim:i 
m\^^^^hiiZi^(omm(D I G BT ^yy(Dmm:fjf^^^< 
•rxmiiT**>^o^-r. me (a) 

M^tltz^ii^¥/}^&3 X I 0>2 1 X 1 c m-3 , If: 
^ 2 5 0-6 0 0 M m<On- ffi>|g 3 I OffiMillcH) 6 

(b) ic^i-ct 9{:ilfeSSc?ll^$ 30-50jumcop^ Mr 

K^3 2^jFM-r5 n- m^3 \ <^mmm\ 
\zm4 (c) , [15 (c) tmm(omi^x\ s i 02 
3 3^xv^7f^v ^i^ms 7 ^fimLXm^iin- 
3 1 f*j;ip^e!-<-;^ffi}3 4^nmi-^ti^'^z,^ "toy^m 

-<~Xjl3 4l^{ln- ^ ^ ^Ji 3 5 ^iP^ftjcLs $b 
il, S i O2 11^3 3f^'jC4^y v^y n v/s/j^i^/jr^y- h 
mMi3 7^ll]6 (b) 9SaP^b)ci-6. ^</:>f^, 

n- &m3 1 (0-5f^naj&a5SMj;crrf.:{cS i Oz fl$^3 3 
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Xoti:)nxme (c) i.zfr^i-^^fczr.y^^V^m^m 
-to [16 (d) {C7jk'rXoi:i=^y^>'C^^titi 

l/^^mi^3 9<SrJf^fiJc-rtlJl\ 13 6 (e) 'iC^irm 

— X7)75^t^'9 tCS I POS (Serai Insulating Poly 
-Silicon) ^> S i n S i N (Semi Insulating Silico 
n Nitride ) ^^fflv>rt)i:v^ 

[0 0 3 21 mi)sxv^m2iZ7jk\^rz^^m(r>mi)6x 
xj^m 2 (T^mm^i ^^-^ l tz MJjit^^^^^^i^ ^ ^ ^ r 

(A 1 2 03 ) ^^itTjU^ (A I N) ^c7)-fe^ 5: 
y ^ M^-^i&l^^m&Wi (Insulated Metal Substrate 

(e) , {15 (e) :fcj;t>^lll6 (e) {C^LfclGBT 

f^ft^icJ: t) II^LT. ^v^zi.— /u (Po 

wer Module) 7 — ^ !J y K t C (Hybridlntegr 
ated Circuit ) ^(Dy<y^-->^t'ttli^X^\ 
[0 0 3 3] ^<oJ:o^j:^<y^—i^<r>—mt{.X^ 117 

i^:i:^mn(oi^3(onm&\^^i'. m? (a) ji[i7 
(a) { - \ m^r^^tim^mmmxh^. fgbt 

1. 2{i'^— — A 4. 3C0±{C-^tt^*ix-^C>>^ h 
.$tirv^6. Kr 1^^ 5 a , 6 a (tISfci 

5 b, 6 b t:bmmit^tifz^mt^^yy'e 5 1 IJ- 
K>'l^— ^90 2(0±{r-ri>^^h^tL-Cl^e, GaAs 
L ED t L< JIG a A s /A I G a A s ^T^ofJ^-^L E 
DW</)5g)fel!§^ 7 'J - K:7 L^-jU 8 r> > f. ^tlT 

tU/t:rK>7^>r 9 3 7(C^^^^nri^-5c LE 

D7^:7^ hy^:^-^Kru>r 5 a. 6 a COffefiSfl:: $ 

^^^Sfli9 0 1 -C^—yu K^n. L E D 7 (O^;^^^— K 
^Ny>>^~v?9 9 1 ^co#DST'5cS^f^n. MWi^-^it 
'Y;^-— Kr U'-l' 5 a , 6 a {citij-^ «i: 9 $ tLT V ^ 5o 
KT 5 a <7);{7 h^^-:^y' >( 
K5 2 7 t [ GBT I <Oin ^ •ytJ'^i^Vr'V V-^^^ y K 
17 7 tnJtil^'rU '^^'y-^-YB 3 2X\ T / — KMfV 
T-V Vt/^Ny K5 2 8 ir-y- h>KVT-V >r/^>.y K 1 6 
8 tnyf^l^r-'^ :y^^-C-Y9 3 1 tXm^^tlXl^^. 
~Mtzy^ h^Y KT ix-f 6 a (Jn^tfy— Y^->=f ^ > 
V^< y K5 1 7, ry — KrK^^T-'^ ^^V^ y K5 1 8 
^il^'tL. I G BT 2<7)^^ *y^/-J^'>-r^ >^/y<y K 1 
7 9. y-l>^r?>r-'>f V-i^^^y Kl 6 9;c, Jjf^r-V^ 



^/C7>t'-\'9 3 4, 9 3 3-Ct£-^^nri>6. tGBTl 

>r-^936'cy - i^— i^ 3{cfe^^^n, i gbt i 

(0:r. ly^t tGBT2c7)=rU'^ ^ tLTl ^ 5o 

I GBT2C0;n^ y^Tf.i^T'^l^if^^y Kl 7 8 i: 
Kv' L/— A 4 i:;6\^>T-'^ ^'i/^^-V 9 3 5 r-fi?^v£ 
I GBT 2(0=^^ y^tlCBTl(D=tU^^7^^ 

fMht^tiX\iyi5. -^^9 3 I — 9 3 6ji 

fztz.i-£l 0 0'-6 5 0 tim4><OA \ ^^Xi^Au^^^ 
10 fflv>ixfi*ci:v\ 

[0 0 3 4] US u) it:^mm(om3<ommmizm\^^ 
i^^yye 5 KDWr^mxms (b) it^(r>wmm^^ 

^i-o (D I : Dielectric Isolatio 

n) (CJ: 9 nSi;^ y— K^^5 1 4. 5 2 4. pMT/ 
-KSi«5 1 2, 5 2 275^tb^^5:7:;i- hy^Th— 

X'*)^o ^8 (a) Xy:thy-f^—h'r\^^6ai,^n 
m:f3y-h*m^5 I 4^ pMT/- KMJi$5 1 2;5^^/j: 

5 aJln^;<7y- K^IJSE5 2 4. pMry~K^J]S5 

2 2ii^ht^^y:^ h^^^—vxm^&^i^lX\*^^. 
itvy^^- v'\t.m\tm i 5 coii^zm^ ^titzAx 
5 3 ^xm's.Kmit^h^x\^^^. ±tzA 1 ga^s 3 7 

il. 117 (a) {CTFLTtv'^ KT U-^ 6 aCO 

:^y-K^>7'-f ^^i/^-^-y K5 I 7Jc^j^^n. Alga 
^5 3 T/- K^Vt^^ >'^^>-'y K5 I SICMSg 

^tlX^^ho (^^{CA 1 gai^5 4 7. 5 4 8Jill7. 
(a) \iZ7r^\^fzy7^ Vy^:^—Vri^>(Sa<Ot!V—V 
30 tKVt-V K5 2 7. ry — KTjf^x^ ^'^^^-y 

K5 2 StC-^n-enf^^^tirV^^o 118 (a) iC^oV^ 
r^i^(*:ffi«i6 5 1 }lp^T-t>nMr't>ctV\ ^^'^h 

K*±iSS?fl:flg 6 1 5*5J:t>*7t?y i/y =3>-6 1 er- 

^^S^tirv^^o (18 (a) (T^tffiigJifcct ^^y=2 
>ffl:i^?J«^ (SDB : Silicon Direct Bonding) m^^hf 

^m^^xi^^) ^:ymmQ 5 1 ti3v—¥m^tts:^nm 

5 14, 5 2 ACOmzmitmQ I S^\±^A^fzSO \ ^ 

a:.y^(nnms 1 4, 5 2 4 (50^tgi/)'>P>|!g^{b8^6 1 5 (^ii 
40 -r6?iJ^R I Ef;fc^EC R>1'?^->-^.y^V^^fc^^J•2>V^ . 

c VDfic^^jcJ: (^il^il^t-r^^uiTls (a) o:>m^m%m^& 
tmritx^ 3.co/-t^ y y V 6 1 6 coJ-tfflfS. i^ei® 

;iflSO I -^^x^NOi^^tfij^Tt^ y y v^V^L. (Pi]8 (a) 
il/f>^ J: 0\Z,nmo \ 4 . 52 4 co^i^nri > , y y =3 

50 >6 1 6co-^iM>/j^Is]--T^iini:::^d:^J: p 



(10) 
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1/^ US (a) CO^:7;j- hy>r;f— KT U'-Y 5 a . 6 a 

5o ?:c*5lG:t/t5 b. ebJiEls (a) X\tm^^'^^L 

<*:^ 'y>^6 5 I ±tC/fM-r;*Xf^<l:i>o 
10 0 3 5] 1119 (a) fl^^0^COm4<O^J®f?iJ{C^^,>5 

7J^;^[^i4^^>g^;^-r u/f-cDipgaIIlT\ H] 9 (b) \-t^<D 
y^ h Kr u->r 6 a i^'^^mt^^ y^e 5 2 

^^i^^y^e 5 2nV — h*y \y—M.9 0 4 
«£^y>^6 5 3J:iy — U—i^g 0 3 ±{zmf&^tlX 
l/>^, 5j^ig{^^y:/6 5 2, 6 5 3, L E D 7 ;55iin^ =f 20 

X y y =1 - x-I^SlIi 9 0 I ^ — K ^ . 
L ED 7 <D^:^'iy 7t h^^^—h'Ti^^ 5 & , 6 a td^- 
[00361 m 0(a) 5 (Dglffiresjt::^. 

S^:^fplfj:^W«s:>^^ .y^(7)5plgJll|-e I 0- (b) t^-^CO 

6a ^^m(D^5(Dnmmii:^ia\,^Xi'ty :t h 

y^:^-¥TU^ 6 a;5Sif^^^tb/cM^5Sft:^y:?'6 5 2 
{IL E D 7 UCJ: (9 RSM^tL. h^-f Kr 30 

5 a;6^JFM$tl7t 4^^g(*:^'y 5 3 {1 L E D 7 2 J: 
^mM^f\^^^0\Z.mfSi^t\^X\^^^, LED7l(iy~ 
K^u-— A8i:{C-ri>>- h^n, LED72}±y— KP^ 
U--A9 0 8i:(::/F^fiSc:^:h>ri^6. *^n^(7)|S5(D^Mr 
0ii^Cjy^.^r^i t GBT I g bt 2coy- h^lr^^ 

[0 0 3 7] mi 1 ( a ) \'t-^^mo:>'m e (D-umm^^^^ 

^M^mi^.^mi^::^^ y^cryW-^rnxM A \ (b) Jl^ 
LEDT^^;*- hy-r^-KTuy 5 a, 6a:fo^J:t>'te 

M5 b, 6 h tmmit^k\^f:.^m\^'f'yy'^ 5 1 \'tmm 

^iiSEuli^^n. L E D 7c07tfim^:7^- '^'^ KT 

U-Y 5 a 6 a fcAM-T^fiOT^i^^j^-^^^T-^j-So U7t?5^o 
T. LEDCOm;'7*5cta«LED;rA:/3-r5>'^^-f'i'>?:c 

<TJ:»/\ L ED 7ft!;— K:7ix— A9{::-e'>>' h$ 

— K:7 U — i:s 9 0 5 ;c-7:f hy-r xj-— KT I/'Y 5 a , 6 
a^/j^mfilfb^tL/l^^iSf*:^ ^ y^'e 5 1 ;5W.^>-h^tL so 
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[0 0 3 8] mi 2 \t.^^m<om r (0':^jsgerijic-^, ^ , 

:feT^t4^i§(^;^^ y^^t^^ht-r5 r G BT 1 , 2, 

-y 7'±{cmM'fb L . \^^^^^yy^y y'-Rl7\^\'t 

2(nm]^(o~-=2.=^y v{zn)S^-t^mm^^^^'rmx\ 

n^-VV^^yU I GBT9 I <!r p^-W^t^'^ [ GBT 9 2 
-t n^'tLy- hrli-tJ^JlEll^g 9 5, 9 6 {C 

J:i9 5^^3-4Ffl<Oi$c«c;05ffiijii^^H5^t^?r^i-. mi 

2{C:Jol^r y^H I 4, p^.-<— Xl|l3. i 

® 2 1 I. r/— KiS I 2tcj: «9 n^-ri^^^/w r g 
BT9 l;55|g^$ix; p* Ji^ yt$^^ 1 4 1, n^-<— 
;^S231, i®211, r y — KB 2 2 1 {CJ: <9 
p^-vv^-/^ r G BT 9 2;!i'^t^f^J(:^tLrv>5o n^^^y- 
^^yw [ GBT9 I ,^ p^i'^^^/W [GBT 9 2 (7)-:^ii-< 
/^-S i ^ 2 I I (tT*ifii^?6J[g 1 X 1 0 - 2 
X 1 013 c m-3 ^j^^p- xiln- ®'et>J:l^ 

i /i^7)V^'r;i^-C^o-C'L[5]^/^!ElJ^^c^/^6o 

^-v'V^^'i- 1 G BT 9 1 (7Dy- ^'ffl;^^^ LrjF^/iJc^tL, 

i\-\^X^^) i^V 6 1 ;65p^-^^^^^yu I 

GBT 9 2(D^— hnmt Lxmfi!i^tix\^^^o ^mm 

5. 9 6{CJ: 19 K^^^^n^o hm^l 6, 16 

1 fiTi^y v^y =»^^07i>4^'9(CW, Mo, Ti, Co^cO 

12, TiSi2 , CoSiz -5 V $ ib t^l^l^ U 

y =3 v<bcr>ig^fl-$i'C*>6>i<y -y-^ K-e4^ j:v>o ^igb 

T9 1, 9 2m^}^<r>zr.l y^^^l 7 I , =0^^'$^^ 
mi 8 ^^WL■CV^5o m I 3co^{inilH]SfgT'^ib;^^T'^ 

^-W^^yH GBT;5im»fL^»fcL. 4 ;^^^^-7' 3 

m^-tzttfj:^. tzfzL. ztinnm^^±(omi^xpy 

'Mm'tZitp^ r /-Vmi 2 t n^T /- K^2 2 
GBT 9 1 co^ — :/>d-:7P${-{i i jg 2 I \ (Dp- T / — 

m \ 2<Dm^{zmii^tifiM-j'itn\T y-b'm2 2 

1 ^^LX^A^m^^tl. I G BT 9 2C0^ — :/3t->^fl#i^ 

fiiisi2i loon* r y — \^'m2 2 Koinm^znm^ri 

fzAE^Utp' T/~Klil 2^^LT5!#iic75^n6 J: 9 
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(n0^^i:^^mm^^ 'y'f->'^/t'^'^mt^j:h. 112 i (d) 

[0 0 3 9] m I 2 p • T / - Kii 1 2 t0S6O 

BacOt'-y^<Srm^<7^ttRScSLn = (Dn r n ) '^^ CO 2 
f^m/iEi':AT. r /- KJS2 2 I t0S:cOfc''y5=-^IE?L 
co|d:fl5cSLp = (Dp rp ) co2fgtSJ0EJc-r5::<!: 
Ti^M^Li^ ^^.r-Dn , Dp {i-ttL^'nmT-^b^etu^iE io 

^^^'^X^fzM-Q^^ , ^B^{:iJin^-V>^^^^H G BT 9 
1 , v^^>^-f^\ GBT9 T.ii^hfa^^^^'y h^^^ISc 

r^o*:) , tzt^i-^^m^—^m 1 3 <ir n^^— ;^/i2 3 
[0 0 4 0] HI I 4 n^mm(Dm s cn-MJ&miiZ.m ^) m \ 

- KT l/^ 8 5 a <ttSfci8 5 b ^T^^^;«L. 

16 1 ^^zmfc-t^^-vmmm^^yir vy^:^-vr 

l^-r 8 6 a irffifetS 6 b <!:-C^^;]KLrv^-5o ^^ic. 7 

:^ h^-r:t— KT U'-r 8 5 a . 8 6 b <b T^i^-^^Hfc L 30 

ED (^3ty-f>^-K) 7;!i5A:^i^^8. Q(Dm\zmUt 

D.7(JOA;/7^S}T-8, 9mcnm^m.irt. i.Kr>7ii^^ 

TfeL, :7;^- hy^^— KT L^>r 8 5 a, 8 6 a {C^lcStC 
it^WM-rt\^\^y it h^^^- KT 8 5 a. 8 6a 

ti^^:s.\^^jt&i&f}^^^'rh. zcom/sd J; . i g b 

3 , 4 PH^l;5^-iiiam 3 C0^Jffit^«JC0feli^(C;?hv4^^fi|<i: 
i^f^. h^-r KTl^-f 8 5 a , 8 6 a 

l5]P#}r3t^8^,WLT, IGBT91, 9 2 ^f^Hv^;c;^V 40 

[0 0 41] til 1 3 {z^\'f^^/— vmm\}im9 
5, 9 6, m\\ A\z^\^r^y ^- vy^ :^-—\'r i^-^ S 5 

a , 8 6a, ftSfeL8 5b, 86b m^m-^ yy\\:.\zM 
MftL-r. h^<l7— I C (SMART so 



POWER rC) >LTt>J:<, y- h flii)<BlHl 

889 5. 9 6^{lSiJI05C-fe7^ 'y^^Sffi^ffl>^r^oy-K 
1 4 Lfc L ED 7 <D(hISS t^^iA^^r* J: I ^ ^ ^ 

10 0 4 2-f;.iEi 1 ^\'t-/^^m<o'^9(0'MmmiZ^^^^ . 

yi^f^^^yy'yj^^ IGBT(LlGBT:Latera 
I IGBT) XU^^^yy-M-^i^pW^t^mVf:^^ ^y^^ 

mi&\.fz^'k(om^mm^mx^h.. mi sfin^-v^^ 
:t>/i- L [ G B T -en 1 . 5 1 2 (o^mmm^Tv^ L 

fct^it^^mL/ct^^TD-C^e. -r/d^t^^p;^^ I 2 9i: 
tCffM^iixfc^L I G BTCOn- XJS I It'^p- ^ 

L I G BT 1 , L r GBT 2{i-etL-enn^ :n 

^!yi5'jil4, pSi-i— ;^^13, n-^— X/lll, 

p^ ry- K® I 2, y ^m^i 7, 
18. hm^l l 6 <!rEcJ: LIGBTl 
COni^ ^y^^j^ 1 7cl:L IGBT2(7)3i u-^^lg^ i g 
ir;iiS^{c5^--F4}Cj^g&^^;h., L I G B T 1 C0=i V^^ 
<^18tLlGBT2 <7)ni ^ y 1 7 t tr^^^ 3 

S^c^tl'CV>5. d^T^fi^^Bl^f L'Cl^'5;6^ LIGBTl 
<50y- I ef^y— hfrfJJfj^lHl^5{C, I. I C B T 2 

coy- hmm 1 6{iy- hriiij^;^iH];j&6{cmL$ixTv> 

^fell^LLTSMART POWER lCt-r^7:>\^ 
y-hrim»l£DSS5, 6{Cj:or L I GBT 1, 2 7^^ 

{^^n^mmti^t^i^a-iL i gbt i:f}*^mm^m.i.. 
-r^ztti^x^^. :^mm<om9<Dmmmxn. m^^^i 

m^^cLfz n^-^'>^-ji^L \ G BTXmf^LX\^^^tzi!byi' 
>mf£^i&<m^^:it/}'^Xt. m-''^^yy'mn</^^M 

OS FET:foJ:t;<# 1 GBTXmr&Lfzm'^Xlt.^i-tl 

^M^^^lt^h-r^. L [ gbt I ^n^-\':/;t^yH 

GBTirUr, L I GBT2^p5^-V>^wH GBT*!: 

LTdi 3, py^i^^nmi 4(D\By^mii)iti.xh^\^''z 

[0 04 3] ID 1 6 it. ~^mwm 1 0 a'>'-Mm{m::i^s 
^) \ l^t:>*^5nfel|jf>(^ll (O I : Dielectric Isolation) 

;i J: '0 L I G B T 1 i: L I G B T 2 t ^miiAZ'AMiLX 

^mrmimx^^o. m \ 6<zi6^^x^m(^}f^B6 2 9ii 

pMT^lkn^Si-C'ti J:tv ^LIGBTl, 2{lpf$fm'6 
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• m 1 \(om^mitm& i 5^}l^^/f#^it^oso i 
a:/N(7)n- n 1 1 ^mm^'^mitme i 5{cii-r5?^^ 

i65 J: v-y =3:^6 i 6 ^i)^/Ec VD&^tc j: »9 

m^n^i) y >>^L^ m I e^zm-rxoii^n' js 1 ico 
^mt. :?Ky y =i>6 1 ecD-^f^tr^m—^Miz^j:^ 

^0{ZLXf}^C^. L I G BTCOp^eJ-<— y^ii I 3 (7)lfc|tfc 

^: ^y^M^ 1 7 L I G BT 2<n=i ix^ I 8 

^(Ci^i^4(C'}^^^$;H, L I G BT 1 1 '20. 

8^L IGBT2 (7)111^ :y^m<^^ 1 7 ,t 7!in^^ 3 
$nTI/>5o EI?jMi^9»Lri^^;5^ LrGBTl<7)>/ 
— hm^il 6fiy~ hf|jlja[Hl3§5(C, L I GBT2(7:>^ 

fc^2tcini-j: ^{c:7:*- hy>r;4—Kr IX 5 a. 5 b 

^;^IhI3§5. 6 . hy^;^-— KT 5 a . 5b^^ 

[fH-f^ y y'^izmmit LXSMART P OWE R 

fi[gl9~g]i I {c,^LfcJ:^?:^Mg^~/i-K60+i^it{cih 30 

y~ Kf|]iJ^^lHl3§5, 6{Cj:oXL 
[GBTl. 2xi^'^tL'^*nK^W>^^tL. H^tlfQ^3/)> 
■hlhtil^-f' 4 <D:)7{^^®mJ^'^i^tl^ t ^ {Zi^L \ G BT .. 

i^^mffi^^L. 'mzihtii!^=F4^-hthti^'T-3<o:^m 

^MlMr^lktl^ t ^ {Z^-tl. I G BT 275^?lr7ft^»^-rco 

commmvn. m^mm^Ltzn^^i^^^/i^L i gbt 
xmr^ L ri/ ^ 6 /-c^ :^>'iir£ < m x 5 ^ i: 4o 

mi'j^-r^. ^fzmm:^^m^*-i^±'t^, ligb 

T 1 ^ n ^ ^^^/b [GBTl, L [ G B T 2 ^ p ^ -^^ 
I G BTcb LTdl 1 3, ib^lMim 1 4 (7)Ilil{f^t|S^f 

[0 0 4 4] HI I 7 }l;f^5^ri^(03v i i (ommm'rZi^^^ -7 

m 1 7Jwio\.^Tn- J^i^ u/^H 1 4, p5!^--i— xHl 

3. n-JMll. pr/- KU 3 3 2JCJ; 1 cOn so 
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[ G BT 1 75^tSr?)c^n, n':r.^y^m\4 
2. pSI-i— >^li3 3 2. n Sffill. pry-KJg 

1 Z\ZX,^mu.mY^tt^^m2(nn^\>^:^^JV [GBT 

2 75'>tM^n-Cl^5o -rJ^^*3»^|g 1 OO [ G BT 1 (Op^JJ 

X® 1 3<!:|S2a)rGBT2cOpry — KJSl 3i: 

Ji^ii it^iSr-^ igicT^iGBTicopry — K®3 

3 2 ^^2<30 I GBT2COp^^— >^g3 3 2 i: 
Mi*^ UTif^fiK^nri^^o n- S«tl 1 tO^fRiJcO p ® 
-<->^Ji 1 3 0-^iSco-gI5tC*iy- hffi^{h:lgl€r:frLT?J^ 

y y 3 v-y— h^^^ i e fi^'m i n v^./u i g b 

T I (O^- Vn^t Lr}?M$tL, n- I I (7)SfS 

{[llj(7>pSi-<-^S3 '3 2CO^c5<7)-«i5tCJi, 

Hi^^urTtey c/y hm^^i 6 2r^m2<D^^ 

^^^tv/i^ r G BT 2(0-^— Vm^t L-Cff^^^ttri/^-So 
¥^Ill^^l8&Lri/^6^57if y n:/y~- hm<Sl 6 t 
:tey v^y 6 2 ^H-^tl^'tiy- hMffll 

[H]5g5. 6icJ: 19 K^-r-i/^^x^. h'S^l 6. 1 
. 6 2{i.-if y i^y =3>cO;5.;b'9 {CW. Mo. Ti. C o ^- 

2 , TiSi2. CoSi2 ^\Z7f.^) v^y 

^^vircT^iS^fl^T^^Ji^yi^^ KT't>J:i\ ?B L (7) I G 
BTloOn* .y^^l 4 i:^2c^9 I GBT2(7)pr 

y-vmi 3 t^'X^mco^Mn.w.i 7 2{zmm.^k^.. m 

I 60 I G B T 1 (7) p r y — Kfi 3 3 2 <b IS 2 I G B T 
2C0n* :^^^y^mi42t it')^mo:>^mMB 1 8 2 tC 

m^^tix\^^^o irfj:t>-h. mi 7{zm^titi^mm(o 

m 1 I (ommm(r>mm(o^m^^i^m i xnm 2tm- 
xh n . 3 t^h'^"^ 4 i7\^--'m^ifimthh t # ii-tm 

icnnf^^V^^/H GBT 1 T^^mSt^iJgL, ^^4fi^h 
^^3:)j\^^n:m-t^ti^t^\^m2<On^^>:^^;\^ [ 

G B T 2 fi^m.m^'&'r^ ttt^^o 

[ 0 0 4 5 I H 1 8 \'i.:^^m<om I 2 (O^ffififijtC^S 17 

m 1 7 \z^i.f^mmx\^^ \ cox gbt \ (Dp^-<—^ 
mi 3 tm2CD \ GBT 2(Opr /—vmi 3t r^^m 

mi$Ltti:^X\^^^(r>X\ p r / — 1 3 oo^Mi^^Jffi 

X I O's - 1 X 1 0'8 c m-3 liifSt^ilJm^o :mi^JLi: 
WMmz^^t pm^—^m l 3(CJFM^n5nMOS 

F KT<D\^^K^m^^m^< ir^' ^fi^hXPy^-f)^^. Z(D 
Ztit.m2(r) [ GBT 2(Op ry — K® 1 3f)^h(DiE'^l 

<r>'iiA':0}mtmr-r^ztt^j:^o i^m^zmi c^o i gb 

T2cOpTy-K^332 co^^^O^f^-h ^'M ^ < X 
#/j:v><7:)r'pry — Kli 3 3 2:6^h(OJETl(r>^iA^)}mij 
i^T-r^ Ztt^j: ^) iBm)lZ^m'/)'^T--i''AX\ 'A' >\&m'^ 
-K>TJf ^bi^4H^r >/j:>5c m 2 2 n'J^mwm i i 

(0'Mmmz:^i^^ztih(Dx.^.^iikmi-^ h(ox\ m \ 

I G B T 1 c?:) p ' r / — vm^ P * ti^it 3 3 4 -CiF^rjit 
gF}2c/) I G BT 2cOp- T/— K/®^p' ufiJ^3 3 

3-e;FML/::,'r^,/j^ir^^Ff3Jcr'*>^. m^^mmmtmi i(o 
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2<Dmm&Vt:i^ixi-t. p^ry— K^3 3 3, 3 34;!i^ 

[ 0 0 4 6 1 El I 9 it:^^m(r>m 1 3 ogn^e^jtc^. «9 , 
'^^mf&i.fz^^(D^^mm\Mmvihh. pS«i 2 9 

T<On- X® I I ,t/d:5 JItJiv ett^^Hp^ 
SScM^Sl 2 8(Cj:i9t05:tCp nte^^^gH^tt/i-^/U^^ 

L[GBTUin^3i^-/i$'gl4, p Si^--^® 1 

3. n- ll. pTy — K®332, :r.^y^ 

m.m 17 2, =3 u-i^ i s 2 . 1 e 

pgu^— x^3 3 2. n-^"Xjiii, pry~K^ 

1 3. ^ i5?^<^ 1 8 2. =2 U-^^^iS 1 7 2. 

hmiiiii I 6 2 (bcij: lytrf/s^tLrvv^, m 17 ^fpi^^ic 

L f G B T 1 (O p l3<!:LIGBT2(7)pT 
y " KJi 1 3 ,5: «9 . L f G B T 2 (?> p T 

y — K^332^L rGBT2(7:)p ^-<— XJi 3 3 2 ^ 
l^^^<mmi&tfj:-:iXl^^, -^tzi. \ GBT KDzr.^ 

m^t L [ G BT 2(75=2 u-^ ^mmt^m(r)±m®^ \ 

7 2tfj:^^T-4{zmi^^tl. L [ G BT 1 (7>=i 

t L r G B T 2 (D:r. M^n^lBCO^mM^ 1 

s 2 tfj:oif^i^3{zmm^^x\^^^o ty-hm 
6 2 tcomiizi^y—hm'i^^^e^>mm^tix\^^ 

{ZXtii^. hmmmms. .6(Cj;oTL [ GBT 

1. 2;^^-^n^'K K^-ry^ix. m>j5S.^3;ii^f>aj;^A*^ 

"f- 4 co:}y[^^Mi[Mf)-m.ti^ t ^ {zitL I GBT 1 Ti^mi^fc 
^ZTfcL, iSi{cai;^)^^^4 7!)^ibm;^^^-7-3(7)::;/5-f^-^^^ 

<!:#«C{iL I GBT 2355mnit*:»S-r<OT% &'flitm 

i)^^f{iW-r^r. <J:;i^r-^5, *^g^i(7)®i 3(/5^^.ffifyijr' 
mm'mm l/c n ^ v t^/i^ l i g b t x^w^/^st l -c 

V^^/i*^)7f-VMJS^{S< W^;t^r >7!fS-r-#, 

>^i5lt|00#MO S F ET*5ci:U<# I G BTT'tML/c-^ 

^T'itig5-m}^\ mmm.m^'^mxL. mm^:^^^'^^^ 
mhtm(Dm}&n^^m(om \ i^^i^mi 2 (D'Mmm\z 

M^^^'^^BhXP^Kf . 'JE.mm^m<^S:^. 4^:ib\. [ill 8 t 
mm'tZpm^''-:^m 13. 3 3 2't{Cn* *;/^^7 I 

4. 1 4 2 ^t^-^c^-ttr p' ry~ KD3 3 3. 334 
[0 04 7] i|v!r;c^i^n;jcogN; i -g^ 1 3 oo^^i&f^jco 1 g 
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BTfi, n^<y7r{+ I GBT, =i U ^ 3 — h ^ ( 
GBT, '>3 y H=Sr— Kl^-r ^^^r^^ h I G BT^flS. 
(r> \ GSXi,^< . I GBTIU^COEST (Emit 

ter Switched Thyriscor) , B R T (Base Resistance 
Controlled Thyristor) . MCS t TH (MOS ControU 
ed SI Thyristor ) . MCT (MOS Controlled Thyrist 

or) ^<Dm(r>m^y-hm'^m^{^mm,^mmx^^z.t 

[0 0 4 8] ^mm<r>m\'-'me, ?g9-mi 3 
10 (D-Mmmxn i^^^/u^^ r g b t tioi ^r ^;ctfep;j 

LfztiK mWM^m^zLp^^r>'^^^i-mtLXiJX\^^- 

mz6 0 ori^Ji'C-(7)iS?U{c4yi>xtfaa'^r% ^ 

tl6o *f:iG a A s -G a A I A s ^T-Ptg-g-tCjC^Jfe 

L/cs i 02 mizx^Mosmi[:'^^'^mt^'^m^m(D 
f&m^- hm'-^^mt^mm^zmmx^ ^zt fit *>^A.-e 

[0 0 4 9] 

[^p^^co^ij^l ^:k±.tnmzmmLtzx oiz^mMizxti 
i$^^']mM^tLfc2([si(Jo r GBT^iDmrn-y- hm 

— h^^H^^Km<L^\zmyLLti>tf— hMm\Bimxy<-( 

30 [0 0 5 0] ^7t. :^^m{z^ti'^i^^— bmmm^^^ 
^m^r^^yti.rz'^iiZX^xyti&mti^m^'r^yTi- h 
y^yt-h'Ti-^xmfiiiLxv^^(DX\ x^i^y^i^m.f£ 
x^rM,. mmmif<Dmm.mm^noz,ti^^-x^^. -rtj: 

t:>^:^§^m'tZXtl{'fAt)iMtth~/)mt^^-it^^^^tlX\.^ 
^tznxfgn.mzit.mm^tiX\.^^fzi5b. y<^-^. (± 

60 ^f^tc, ^-hmm\B\^iz:iroii^mt}m9<iti^tA. 

[0 0 5 1 ] ^hi,Z^ ^^m\zXtli^. IGBT^c/)|& 
50 ■ [112] ;1i:^g!^IJ<n-M^)®f1i-Jl£L^(/)m2(7)^^^^ 
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[113 ] :^5gn/](Otg 1 :foJ:U^35 2<O^J5£e«H^ffl</^^ [ G 

[115] ^^m(Dmi^J:rjm2(o'Mmmcm\^^^m(D 
IMT] '4^^m(Dm3(/)mmmi.z.^.^. igbti, io 

2, '7 7t h^^^—h'Tl-^ 5 a. 6 a. ffifctS b, 6 

b, LED 7^ y— K:7i^— Atc-^r^x-en-^e^:/ h L, 
(b) T-^'So 

[US] ^mm<r>m3<Dmmmi,^m\^^^y :t v^^^- 

(b) 

[mi 0] ;^^f3^cng5 5<7:>^jfef^j;c'PS5^;^frnWE-i^^^^ 20 

[Hi 1] ^^mo:>m^<r>'mmm\^^^^m:^\p\\^^m{^ 

y^(DW-mm (a) :fcJ:l>'^c7^irr^[l-C^^o 
[H I 2] ^|gf3^(/:)m7(7)Og*0iJ(C#.t9, n^-V>-^>/l- 
I GBTi: p^-\'>';t^yw I G B T ^ y 

[lai 3] >^^n;!(D3^7C0^1i^J(O^{ffi[HlSS^^i-|IlT' 

[[ill 4] ^^P>«^m8(0^^j^JfC^^.«9 . LEDX-iEifilj 30 

[mis] *:Mfl>^!(Of59(;)gili^j}a^.(9, n^^r>^^/v 
r7'r=7fV [ G B T (L I G B T) <t p ^ -^^ V^^/U L f G 

[til 1 6 ] :^^n;^c7D3g I 0C0'|gJfeli^JiCi^,i9 . SO I ^o: 

v^^/uL \ G BT^^6fml:tfc^^(^)^gi<:^tSillr'3b 

-So 40 

[Ell 7] \ 1 co^^^ff«]}ct^.5. v^^y-f 

[1211 9] ;l^>fgiiric)m 1 3co3ilT|^^'i;cif.^, l i gbt 
[ID 2 0 ] VL^o:^ I G B 1 imm \^fz'^M{^^^ y 

[fii2 1 ] tiOifec/) I G B'\'(nwmm^er7x<-Tm:&'nt:^m so 



[112 2] MOS-FET^0ii?iL/::i^5fe(^>^iS*x^ 

»;/^*:;^-riil-C^5. 

[112 3] t^5l5CO 1 G BT^2 WSffl Lfc^^igl*^ -< 

[??f^couip;i] 

I. 2, 91, 92. 123. 124 IGBT 

3. 4. rq I. 102, 111. 112. 121. 1 
2 2 (U-K^L — i.) 

5, 6, 95. 96. 10 4. 1 15. 116 h 

5a, 6a. 85a; 86a V V ^ ^dfr— VT U ^ 
5b, 6b. 85b, 86b mK 
7.71.72 LED 

8. 9, 902. 903. 904. 908 li— K:7U- 

II, 31, 131 n- S>K (n- xH) 

12, 32, 132. 333. 334 T J —VM 

1 3, 2 5, 3 4, 1 3 4 p^-<— X/i 

1 4. 26. 35, 135. 142 n^^^y^® 

15. 23. 23 A. 33, 33 A, 133. 615 

S i O2 M 

1 6, 2 7. 3 0. 3 7. 1 3 6, 1 6 1, 1 6 2 ^ 

I6A y-hi^'T- 

1 7, 2 8, 3 8, 1 3 7, 1 7 1 

1 7 A ^y^^^i^- 

1 8. 2 9. 3 9. 1 3 8. 1 8 1 riUiJ'^igffi 

1 8 A =3 ^S'i^ST- 

2 1 p ^ S« 
2 2 n- 

2 4 p* tefficJi 

3 6 -ffyy^m 

113. 114 MOS-FET 
1 2 5, 1 2 6 X^^^— K 

12 8 p^ teflScMftic 
12 9 p S>E 

1 3 9 :fj^ y y 3 

14 1 p^ 31 ^ y 

1 6 8, 1 6 9 hTjO'r-V >'^>'^';/ K 

1 7 2, 1 8 2 ^Mmisi 

176, 177, 178. 179 =^ % y ^ Tfy^f ^ > 
i/y< y K 

2 1 1 i li 

2 2 1 n ' T / — K©l 

2 3 1 n^l-!-<— X/jS 

3 3 2 p r y — K/S 

5 1 2.5 2 2 p Mr / — Vfim 

5 14. 5 2 4 nmi3 V— KrMJc 



27 



(15) 



4#BR^7-3 O 7 4 6 9 

28 



5 1 7, 5 2 7 :)t7y— K^K^^r-V >'^^^y K 

5 18, 5 2 8 r y — K7j?>'r'^ ^^^-^y K 

5 3 6, 5 3 7, 5 3 8, 5 4 6, 5 4 7, 54 8 A 

1 Em 

616;i^y->l)=i>^ 

6 2 9 ^^-immm ( V- y =3 



651, 652. 653 f^^f^^yT* 

9 3 1. 9 3 2, 9 3 3, 9 3 4, 9 3 5. 9 3 6. 9 

3 7 Tf.yy-'^ 

9 9 1 ^— hV<y^— v> 




[1^3] 




18A 



[[U4] 



[115] 



n: 



-11 



(a) 



-22 
■ -21 



(b) 



(c) 



(e) 



15 



12- 



12 24-" 



23 
-X- 



19 13 19 



30 25 30 



12 

16 1415 14 16 



27 26 23 26 27 



f-24 
22 
—21 




(d) 15- 



(d) 23 
15 24 



J— 21 



95- 



15A 17 ISA 



(e) 



23A 28 23A J 



27 



2#-18 



-22 

26 25 f-21 
/-29 




(16) 



1#B3¥7-3 0 7 4 6 9 



[[16] 



[1117] 




31 32 



[H 2 0] 
p-101 



104 



103 

k 



ims] 



(^-102 



(a) 

CATHORDl 
d616 



ANODEl CATH0RD2 



ANODE2 



m2 3] 



537| f 15 15 536 15 15 536 15 15 5381 547} 15 546 15 15 546 15 15 5481 15 



121 



514 512 616 514 512 616 514 512 616 524 522 616 524 522 616 524 522 

Si 651 



6a 



(b) rH<W-----KH<H<hn 



o 

Kl 




(17) 



¥fmW-7-3 0 7 4 6 



[119] [dl 0] 




[Oil] [lil I 4] 




(18) 



^m¥7- 3 0 7 4 6 9 



[Hi 2] 




LIGBTl LIGBT2 



[mis] 




l^^) i|#B^¥7 -3 0 7 4 6 9 



[Hie] 




(20) iI*I15F7-3 0 74 6 9 



[His] 

9^4 




IIZIZZZJ-132 

137 




(51) Int. CI.*' 



9184-5 J 



F I 

H 0 3 K 17/56 



